I
n patients presenting to the hospital with an acute ischemic stroke, iodinated contrast is frequently used for CTA and CTP imaging to provide information about the site of the vascular occlusion and the extent and severity of the ischemic insult. This information is increasingly used as a tool in the decision to treat with either intravenous or intra-arterial thrombolytic therapy. 1 In patients with intracerebral hemorrhage, CTA can be used to identify the presence of active contrast extravasation (the spot sign), which is a predictor of hematoma expansion. 2 The spot sign might be used to select patients with intracerebral hemorrhage for early hemostatic therapy.
Because iodinated contrast can precipitate CIN and even acute renal failure in patients with unrecognized renal dysfunction, 3 guidelines have been developed for the safe use of contrast agents. The Canadian Association of Radiologists recommends that risk assessment should be based on GFR rather than on the absolute level of serum creatinine. 4 Patients with a GFR Ͼ 60 mL/min/1.73 m 2 are at extremely low risk of developing CIN, those with a GFR of 30 -60 mL/min/1.73 m 2 have a low-to-moderate risk, and patients with severe renal dysfunction (defined as a GFR Ͻ 30 mL/min/1.73 m 2 ) are at high risk. Nevertheless, in patients with acute stroke, contrast-enhanced studies are often performed without prior knowledge of kidney function, 5, 6 which places patients with pre-existent renal dysfunction at risk of further kidney damage. Our aim was to design a tool that helps clinicians identify patients with acute stroke with a high risk of CIN, in the absence of a recent GFR level, and to validate this prediction rule in another cohort of patients with stroke.
Materials and Methods
For this study, we used 2 cohorts of patients with stroke. The first cohort was the RCSN, Phase 3, which is a hospital-based registry of 33,119 consecutive patients presenting with a stroke or TIA within 14 days after symptom onset to 11 regional stroke hospitals in Ontario, Canada, between July 1, 2003, and March 31, 2008. 7,8 
Data Collection and Variable Definitions
From both cohorts, we identified all patients with an acute stroke or TIA who arrived within 5 hours of stroke onset, defined as a last seen normal time of Ͻ5 hours, because they might be eligible for an acute stroke intervention. Exclusion criteria were the following: 1) subarachnoid hemorrhage; 2) in-hospital stroke; 3) nonstroke; 4) unspecified stroke; 5) patients transferred from other emergency departments or acute hospitals; 6) known renal failure (on dialysis); 7) missing data on age, sex, or creatinine level; and 8) non-Ontario patient. Only first-stroke events in the data base were analyzed. We collected the following variables: age, sex, stroke type (ischemic stroke, TIA, or intracerebral hemorrhage), diabetes mellitus, hypertension, hyperlipidemia, smoking status, peripheral vascular disease, previous myocardial infarction, previous stroke/TIA, preadmission use of metformin or insulin, and creatinine level on admission. All variables were described in the Operational Manual of the RCSN using standard definitions. GFR was calculated by using the CKD-EPI equation (Table 1) . 11 Severe renal dysfunction was defined as chronic kidney disease stages 4 and 5 (GFR, 15-29 mL/min/1.73 m 2 and Ͻ15 mL/min/1.73 m 2 , respectively).
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Analyses
Statistical analyses were performed by using a commercially available software package (SAS, Version 9.2 statistical software; SAS Institute, Cary, North Carolina). Baseline characteristics of both cohorts were summarized and compared by using descriptive statistics. In both cohorts, patients were divided into 2 groups: patients with severe renal dysfunction (GFR Ͻ 30 mL/min/1.73 m 2 ) and patients with moderate-good renal function (GFR Ն 30 mL/min/1.73 m 2 ). Patients with severe renal dysfunction and moderate-good renal function were compared by using descriptive statistics. Categoric variables were analyzed by using the 2 test. A P value Ͻ .05 was considered statistically significant. Median values were presented with the IQR. In the RCSN cohort, a multivariable logistic regression analysis was performed to investigate which variables were independent predictors of severe renal dysfunction. Results of multivariable logistic regression analyses were presented as ORs with 95% CIs. Variables that were found to be an independent predictor of severe renal dysfunction and that were thought to be easy to evaluate in an emergency situation were used to develop a predictive tool to identify patients with severe renal dysfunction in the absence of the GFR.
From the logistic regression model, we used the regression coefficients for each risk factor that was determined to be predictive divided by the coefficient for age (as a reference), to provide a weighting factor for each variable. 13, 14 The presence of the predictive variables multiplied by the derived weighted factor allowed the calculation of a total number of points that would be used in a predictive tool for severe renal dysfunction, which was named the Renal Risk Score. The resulting numbers were rounded off to a number that can be divided by 5, to improve the practicality of the score. Two models with different numbers of variables were created. We chose the model with superior c-stats for further analyses or, in case of similar c-statistics, the model with the lowest number of variables to improve the practicality of the score. The areas beneath the receiver operating characteristic curves for predicting severe renal dysfunction were compared in the derivation and validation cohorts. 
Results
Comparison of the Cohorts
Of the 33,119 patients in the RCSN Phase 3 cohort, 9872 met the study criteria (Fig 1) . Of the 8574 patients in the OSA cohort, 2783 patients met the study criteria (Fig 1) . Because 239 patients were included in both cohorts, we removed these patients from the OSA cohort, leaving 2544 patients. Baseline characteristics of both cohorts are described in Table 2 . The 2 cohorts were comparable for sex, history of diabetes, myocardial infarction, and preadmission metformin and insulin use.
In both cohorts, a majority of patients were older than 65 years of age and presented with either ischemic stroke or TIA.
Incidence and Predictors of Severe Renal Dysfunction
The overall prevalence of severe renal dysfunction was 4.9% (479 of 9872 patients) in the RCSN Phase 3 cohort and 5.2% (133 of 2544 patients) in the OSA cohort. Predictors of severe renal dysfunction were assessed in the RCSN Phase 3 cohort. Patients with severe renal dysfunction were older and more often women; more often presenting with ischemic stroke; more often had diabetes mellitus, hypertension, a previous myocardial infarction or stroke/TIA; more often were current smokers; and more often used metformin and insulin before admission. Results of the multivariable logistic regression analysis are shown in Table 3 . In the RCSN derivation cohort, age, female sex, diabetes mellitus, hyperten- sion, insulin use, previous myocardial infarction, and peripheral vascular disease were independent predictors of severe renal dysfunction.
Renal Risk Score
On the basis of the results of the multivariable logistic regression analysis in the RCSN derivation cohort, 2 models were created. The first model included the following variables: age, sex, hypertension, diabetes mellitus, and insulin use (Table 3) . In the second model, we also included a history of myocardial infarction and peripheral vascular disease ( Table 4 ). The areas under the curve were similar in both models (0.73 and 0.74, respectively). The first model with 5 items was selected for further analyses. The Renal Risk Score was designed as follows: (age in years) ϩ (5 points for women) ϩ (5 points for history of diabetes mellitus) ϩ (15 points for preadmission insulin use) ϩ (10 points for history of hypertension). In all Renal Risk Score categories, no significant differences were observed for the prevalence of severe renal dysfunction in the OSA cohort compared with the RCSN cohort (Table 5 and Fig 2) . There was no significant difference (P ϭ .66) in the area under the receiver operating characteristic curves between the RCSN Phase 3 derivation cohort (OR, 1.07 [95% CI, 1.06 -1.08]) (Fig 3A) and the OSA validation cohort (OR, 1.07 [95% CI, 1.05-1.09]) (Fig 3B) . The prevalence of severe renal dysfunction is negligible in patients with a Renal Risk Score of Յ70 but increases in patients with higher Renal Risk Scores (Table 5 and Fig 2) .
For example, in patients with a Renal Risk Score of 71-80, the prevalence in the RCSN Phase 3 and OSA cohort was 2.1% and 2.2%, respectively; in patients with scores 91-100, it was 7.1% and 6.6%; and in those with scores 111-120, it was 15.9% and 28.1%. No data are presented for patients with a Renal Risk Score of 121-130 because of small cell numbers.
Discussion
The results of the present study show that the prevalence of severe renal dysfunction in patients with acute stroke is approximately 5%, and that the Renal Risk Score is an easy tool to identify patients with acute stroke at high risk of CIN. The prevalence of severe renal dysfunction is negligible if the Renal Risk Score is Ͻ70 but increases with higher Renal Risk Scores.
Several studies investigated CIN in patients with stroke who received contrast-enhanced CT. The incidence of acute nephropathy was found to be 2.9%-6%, and of renal replacement therapy related to contrast-enhanced imaging, Ͻ1%. 3, 5, 15, 16 However, all these studies were retrospective ones in which renal function was often known at the moment of scanning. As a result, it may be that clinical judgment was used to withhold contrast-enhanced imaging from those at highest risk of CIN. Thus, the risk of CIN might be much higher if GFR results were not known before contrast-enhanced imaging was performed.
The Renal Risk Score can be calculated with parameters that can be easily determined after a brief initial clinical assessment (eg, medications, presence of hypertension, diabetes). Patients on chronic renal dialysis were excluded from the cohorts because it is easy to determine that these patients have renal failure. In patients not on dialysis, the Renal Risk Score is an easy tool to assess the risk of severe renal dysfunction at baseline. In patients with a Renal Risk Score Ͻ70, the risk of severe renal dysfunction at baseline is negligible. Thus, in those patients, the GFR determination does not have to be available before the use of contrast. Higher Renal Risk Scores should be used as a cautionary guide, not an absolute contraindication to giving contrast. The final decision of whether to give contrast or to wait for a serum creatinine level should be based on the perceived clinical need for angiographic and cerebral perfusion studies versus the risk of developing CIN. If the decision is to give contrast before the GFR result is avail- Note:--indicates small cell number (Յ5).
able, we still recommend that the preimaging GFR should be reviewed as soon as possible after a contrast-enhanced CT scan is performed. Even patients with low Renal Risk Scores have a small chance of having unrecognized severe renal dysfunction. In addition to using the Renal Risk Score to better select patients for contrast-enhanced imagining, other measures should be implemented to prevent CIN, including administering the lowest possible volume of a low or iso-osmolar contrast agent and keeping the patient well hydrated. The Renal Risk Score predicts the presence of severe renal dysfunction and not necessarily the development of CIN. To design a tool that predicts the development of CIN, one would have to administer iodinated contrast to a large number of consecutive patients with acute stroke, regardless of their GFR level or presumed risk of renal disease. Such a study would be unethical to perform because a considerable number of patients might develop renal failure. Therefore, we decided to design a rule that predicts the presence of severe renal dysfunction, because this group has the highest risk of developing CIN. 4 Most of our patients had noncontrast brain imaging acutely, and contrast-enhanced imaging was considered only after checking the GFR. For derivation of the Renal Risk Score, all patients presenting within Ͻ5 hours from stroke onset were included in the analysis regardless of whether they had a CT with contrast or not, so the score should have broad applicability.
In clinical practice, a GFR Ͻ 30 mL/min/1.73 m 2 is considered an absolute contraindication for administration of iodinated contrast. Therefore, we designed a score that calculates the risk of having a GFR Ͻ 30. We considered designing a score that calculates the risk of having a GFR Ͻ 60; however, patients with a GFR of 30 -60 have a much lower risk of CIN compared with patients with a GFR Ͻ 30. Furthermore, prehydration prophylaxis has been shown to be effective in preventing CIN in patients with a GFR of 30 -60 but not in patients with a GFR Ͻ 30. 17 Finally, we only did a "narrow" validation of the Renal Risk Score in a population that is similar to the derivation cohort. Future studies should be done to validate this prediction rule in other cohorts of patients with stroke.
Conclusions
Severe renal dysfunction is not uncommon in patients with acute stroke. The Renal Risk Score provides a simple tool that uses 5 simple clinical items to help clinicians identify patients who are likely to have severe renal dysfunction and are at high risk of developing CIN. Given the importance of initiating stroke interventions as soon as possible after stroke onset, the hope is that using this prediction tool will avoid unnecessary delays related to waiting for laboratory results in patients needing brain and vascular imaging studies that require iodinated contrast.
